A simple, rapid, and sensitive method for the analysis of halothane in biological samples was developed. The procedure describes the extraction of halothane from blood, liver, kidney, brain, urine, bile, and stomach contents by headspace solid-phase microextraction (HS-SPME) followed by capillary gas chromatography coupled with mass spectrometry (GC-MS). The recovery in blood samples after addition of ammonium sulfate and sulfuric acid was 72% compared to a sample prepared in water (100%). Linearity was established over a concentration range of 0.1-100 mg/kg of spiked blood samples with an excellent coefficient of correlation (0.996) and a limit of detection of 0.004 mg/kg. The time for analysis was approximately 40 rain per sample including the extraction step. The procedure was used for quantitation of halolhane in various samples in a case of a double homicide. HS-SPME in combination with GC-MS was an effective method for the determination and quantitation of halothane in biological material.
Introduction
Halothane (2-bromo-2-chloro-l,l,l-trifluoroethane)is used as a potent non-flammable volatile anesthetic agent. It is a haloalkane, whereas the structural isomers, enflurane and isoflurane, are methylethyl esters. Halothane is rapidly absorbed upon inhalation with a blood/gas partition coefficient about 2.4 (1) . A variable amount is metabolized in the liver by debromination and dechlorination. Up to 20% of a dose may be excreted in the urine as trifluoroacetic acid and its salts. The bromide ion is slowly excreted in the urine. Halothane, isoflurane, and enflurane are described to be modern inhalation anesthetics. However, considerable disadvantages were shown, especially the production of a dose-related depression of the cardiovascular and respiratory system (2, 3) .
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Over the past few years solid-phase microextraction (SPME), discovered and developed by Pawliszyn and co-workers (4) , has emerged as a versatile solvent-free alternative to conventional liquid-liquid extraction and solid-phase extraction procedures. SPME in conjunction with GC analysis has been employed for a variety of classes of organic compounds, especially of volatile and semi-volatile agents using the headspace technique. In a forensic case of double homicide by smothering with halothane-moistened towels we developed a headspace SPME (HS-SPME) method coupled with gas chromatography-mass spectrometry (GC-MS) for rapid and simple analysis of halothane in biological samples.
Experimental

Materials
Halothane was purchased from Sigma Aldrich (Steinheim, Germany), chloroform and ether were supplied by Baker (Gross-Gerau, Germany), and isoflurane and enflurane were obtained from Abbott (Wiesbaden, Germany). Additional chemicals used included sodium chloride, ammonium sulfate, sulfuric acid (all from Merck, Darmstadt, Germany), and water (high-performance liquid chromatography grade, Baker).
A manual SPME assembly with a replaceable extraction fiber coated with 100-1Jm polydimethylsiloxane was purchased from Supelco (Deisenhofen, Germany). The fiber was conditioned at 250~ for 1 h in the injector port of the GC according to the suppliers instructions.
GC-MS
The GC-MS system used for analysis was an HP model 5890 series II Plus (Hewlett-Packard, Waldbronn, Germany) with an HP 5972 mass selective detector (MSD). The system was equipped with a 30-m x 0.25-mm i.d. fused-silica capillary column (Hewlett Packard, HP-5MS, 0.25-pro film thickness). Data acquisition and analysis were performed using standard software supplied by the manufacturer. The column temperature was set at 40~ for 2 rain, and then programmed to increase up to 280~ at 30~
The temperatures of the injection port and interface were each set at 250~ Splitless injection mode was selected and helium with a flow rate of 1.0 mL/min was used as carrier gas.
Electron impact (EI) mass spectra of halothane and enflurane (internal standard) were recorded by total ion monitoring ( Figure 1 ). Retention times and characteristic mass fragments were recorded and the chosen diagnostic mass fragments were monitored in the selected ion monitoring (SIM) mode. The mass fragments m/z 117, 129, 179, and 198 were chosen to monitor the presence of halothane and the mass fragments selected for the internal standard enflurane were m/z 117 and m/z 147, respectively. For quantitation, peak-area ratios of halothane and internal standard (both m/z 117) were calculated as a function of the concentration of the substance.
Sample preparation by HS-SPME
A blood, urine, bile, or tissue sample (0.5 g), internal standard solution (1.5 mg/mL in water; 10 ~L), ammonium sulfate (0.2 g), and sulfuric acid solution (0.1M, 2 mL) were placed into 4000 a 10-mL headspace vial and sealed rapidly with a silicone septum and an aluminium cap. The vial was immediately heated at 100~ for 15 min. The needle of the SPME device containing an extraction fiber was inserted through the septum of the vial, and the fiber was exposed into the headspace of the vial. After 15 min, the needle was removed from the vial and inserted into the injection port of the GC-MS. The compounds absorbed on the fiber were desorbed by exposing the fiber in the injection port for 2 rain and then analyzed. Additions, recovery, heating temperature, absorption time, desorption time, depth of fiber insertion in the injection port. In order to gain optimal conditions in the sample preparation step, the effects of various additions, heating temperatures, absorption times, desorption times, and depths of fiber insertion in the injection port were determined. Samples with various additions of salt or other solutions containing 1 mg halothane were prepared and analyzed as described. Furthermore, spiked blood samples were heated at different temperatures (60, 70, 80, 90, 100, and 110~ for 15 min to determine the optimal heating temperature. In order to determine the absorption time the fiber was exposed to the headspace of the vials for different lengths of time (1, 2, 5, 10, 15, and 20 min). The next step was to determine the most efficient desorption time. Therefore, the fiber was exposed to the injection port of the GC for 1, 2, 5, and 10 min. Finally, the optimal depth of fiber insertion in the injection port was determined by insertion with different depths (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, and 4.5 cm). Calibration curves and reproducibility. In order to determine calibration curves,
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blood samples spiked with halothane at final concentrations ranging from 0.1 to 100 mg/kg were prepared and analyzed using the described procedure. The calibration curves were obtained by plotting the peak-area ratio between halothane and enflurane (IS). O The reproducibility was evaluated by analyzing six blood samples spiked at a concentration of 4.7 mg/kg on the same day (intraday reproducibility) and over six consecutive days (interday reproducibility).
Other inhalative anesthetics. Blood sampies spiked with other anesthetics (e.g., chloroform, diethyl ether, and isoflurane) were prepared and analyzed as described. The halothane metabolites trifluoroacetic acid and bromide were not detectable. 
Conventional headspace GC analysis
The headspace GC was a Perkin Elmer model 8500 equipped with a flame ionization detector and a steel column (4 m, ]/8 in.) packed with 5% Carbowax 20M on a Carbopack B (60/80 mesh) by Supelco, Inc. The carrier gas was N2 at a flow rate of 40 mL/min. Temperature settings were 170~ for the injector, 250~ for the detector, and the oven temperature was programed from 70~ to 170~ Prior to injection to 1 g of homogenized biological sample, 2 g of sodium sulfate was added into a 20-mL headspace vial. The vial was incubated for 45 rain at 80~ Aqueous calibration standards of halothane were prepared in the same way and calibration curve showed a good linearity over a concentration range of 0.1-100 mg/kg with a coefficient of correlation of 0.996. Analysis of spiked blood samples revealed no matrix effects.
Results and Discussion
Additions and recovery
Recoveries were calculated by comparing the amount of drug detected in a blood sample to the amount detected in a water sample as a standard (100%). The recoveries of halothane in the presence of sulfuric acid were higher than that of distilled water (Table I ). The addition of salts led to a further increase of sensitivity because of salting-out effects, whereas ammonium sulfate in comparison to sodium chloride supplied better results. The highest recoveries were achieved with a combination of sulfuric acid and ammonium sulfate. Therefore, the analysis was performed using the described combination.
Heating temperature
In order to determine the effect of temperature on the absorbed amount of analyte, vials were heated at different temperatures for 15 min. The results are shown in Figure 2A . The amount of halothane maximized at I00~ and did not increase at higher temperatures. Equilibrium seems to have been reached at around ]00~ but the amount increased as the temperature increased.
Absorption times
For HS-SPME it is necessary to reach an equilibrium between the gaseous phase and the solid phase of the fiber coating. Figure 2B shows the influence of different exposure times. At 15 min, equilibrium was reached. Better results were not achieved with longer absorption times.
Desorption times
The compounds are released from the fiber by thermal desorption. Exposing the fiber in the injection port for 2 min leads to the best results ( Figure 2C ).
Depth of fiber insertion
We observed that the depth of fiber insertion into the injection port of the GC has an influence on the amount of analyte desorbed from the fiber. With a depth of fiber insertion of 2 cm analysis was optimal ( Figure 2D ).
Calibration curves, reproducibility, and limits of detection
The calibration curve for halothane showed a linear relationship at a concentration range from 0.1 to 100 mg/kg with a coefficient of correlation of 0.996. The limit of detection was 0.004 mg/kg with a signal-to-noise ratio of 3, measured in SIM mode. Under the same conditions the limit of quantitation was 0.05 mg/kg defined at the concentration where the CV% was 20%. The intraday and interday coefficients of variation determined with spiked blood samples were 10.4% and 9.2%, respectively (Table II) . Considering the intraday and interday coefficients of variation, the proposed method was found reproducible. " First analysis using conventional headspace GC was made 3 months postmortem. A second analysis using these methods and the described headspace SPME procedure was performed 15 months postmortem. t n.d., not detected. 
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Application to a medicolegal case
A toxicological analysis of halothane in human sample material was obtained from a double homicide. The offenders facilitated a robbery by poisoning the victims through forced inhalation using halothane-moistened towels. Additionally, anesthetic-moistened towels were forcibly placed over the mouth and nose of the stunned victims and the free ends of the towels were knotted behind their heads as well. It was assumed that halothane was inhaled in much higher concentrations than during anesthesia with a rapid increase of concentration. GC-MS. The specimens had been stored at -20~ until analysis. The toxicological analysis of blood, other body fluids, and tissues revealed the halothane concentrations given in Table III . In Figure 3 a typical EI-SIM chromatogram of a blood sample prepared with the proposed HS-SPME procedure is shown. A slight decrease of concentration after tissue/fluid asservation has to be taken into consideration, because the material was not stored under strict anaerobic conditions (no suspect of volatile poisons at the time of autopsy). In our case of fatal intoxication with halothane the minimum concentration in liver was found to be 0.6 mg/kg and the maximum concentration in the brain was 94.4 mg/kg. These large amounts of analyte could be more than sufficiently detected by our HS-SPME method. In addition, the full scan mass spectra could be recorded. In other halothane induced fatalities higher concentrations of halothane in blood specimens were found ranging from from 7 to 720 mg/kg (5) (6) (7) (8) . However, in our case the storage conditions and additional lethal factors, namely suffocation by occlusion of mouth and nose (abrasion-type injuries of the face) and lethal arrhythmias following cardiac sensitization to catecholamines during the assault with forced inhalation of halothane, have to be taken into account. Both victims were aged, with accompanying preexisting diseases. After completion of the toxicological investigations cause of death was given as homicidal poisoning of halothane by forced inhalation together with smothering. This cause of death was in agreement with the confession of one suspect. Both suspects were convicted of severe robbery with fatal outcome according to w167 250, 251 of the German penal code with long-term imprisonment.
Conclusions
The HS-SPME procedure coupled with GC-MS as described is a simple, rapid, and sensitive method for the qualitative and quantitative determination of halothane in biological samples and is an alternative method to conventional procedures. The proposed method was very sensitive because of the high absorbing ability of the SPME for volatile anesthetics. In addition to halothane other volatile anesthetics such as chloroform, enflurane, isoflurane, or diethyl ether can be measured.
